WARBURG & KuBOWITZ [1929] showed that the respiration of Micrococcus candicans at oxygen tension as low as 10-5 atmosphere (= 0008 mm. Hg) does not differ from that in air. Their results were obtained only under experimental conditions which ensured that the diffusion gradient of 02 within these small cells should be adequate at the very low oxygen tensions. With yeast cells the diameter of which is about ten times larger than that of Micrococcus, the respiration began to decrease at an oxygen tension above that at which diffusion of 02 within the cell would become a limiting factor.
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Meyerhof & Schulz [1932] found that in Azotobacter croococcum there is a definite relationship between the magnitude of respiration and the oxygen tension. The highest level of oxygen uptake occurs in an atmosphere containing 15-20 % oxygen. From this level the respiration decreases slowly with increasing and rapidly with decreasing oxygen concentration. The possibility that the gradient of 02 tension within these cells is responsible for the decrease of respiration at lower oxygen tensions than 15 % 02 has been excluded by calculations for a spherical bacterium. These showed that at the lowest oxygen concentrations used (03 %) the diameter of the cells was considerably smaller than that required by the theory to cause an appreciable gradient of 02 tension within the cell. Bumm et al. [1934] , working with mucosa of the intestine of the guinea-pig, have compared respiration and glycolysis in 95 % 02 and 10 % 02. They found that aerobic glycolysis increases with decreasing oxygen tension, the magnitude of respiration remaining unaltered. This means that the Pasteur effect depends upon the oxygen tension. The thickness of the mucosa was found on the average to be 1-0 x 10-2 cm. Leinert [1935] criticized these results and stated that tissue slices are unsuitable for such experiments because the diffusion of oxygen may become the limiting factor at low oxygen tension. This criticism loses, however, some ofits force for the following reasons: (1) it has been shown by Bumm et al. that the respiration rate was almost the same in 10 % 02 as in 100 % 02, (2) Warburg [1927] tested several other tissues with the same oxygen concentration (10 % 02):
his results, especially those on whole embryos, the thickness of which surpasses many times that of the intestinal mucosa, disproved this objection. The second criticism made by Leinert that respiration and glycolysis were not measured by Bumm et al. in The small decrease of respiration cannot account for the rise in aerobic glycolysis. On the whole, therefore, their experiments satisfactorily support their conclusions. Leinert [1935] examined the reaction of so-called "Morawitz cells" to low oxygen tension. These cells are red blood corpuscles of rabbits suffering from anaemia caused by injection of phenylhydrazine. Respiration and aerobic glycolysis of these cells are both very high and the oxygen uptake remains constant for 8 hr. in vitro. The nature of the substance which undergoes oxidation is unknown [Warburg et al. 1931] .
Using these cells for experiments with oxygen tensions of 5, 20 and 95 %, Leinert found no influence of low oxygen tension on the Pasteur effect. Morawitzcells, however, might be regarded as abnormal or even pathological and so can hardly serve for controlling results obtained with normal tissues.
Moreover, an analysis of the figures given by Warburg [1927] in his paper on the influence of CO and NO on tissue metabolism seems to indicate that the phenomenon described by Bumm et al. namely , the inhibition of the Pasteur effect under low oxygen tension, also took place in his experiments. The manometer readings (h) for chorion, retina and embryo in 95 % 025 % CO, were -10, +35, -0-5 respectively, and +15, +46, +5-5 in 10% 02 5% CO2 85% N2.
The differences are especially large with chorion and less pronounced with retina and embryo.
The increase of positive pressure which occurred at low oxygen tension is to be explained only in two ways: (1) by a decrease of the oxygen uptake, i.e. by diminished respiration, and (2) by increased CO2 production from bicarbonate by lactic acid formation.
The first possibility can be excluded (vide this paper). Only the second explanation therefore remains, namely, that the increased positive pressures in low oxygen tension are due to increased aerobic glycolysis. In these tissues therefore the Pasteur effect seemed to have been dependent on the oxygen tension.
Material and methods. The following tissues have been used for the experiments described in this paper: retina (rat, pig), chorion (rat, mouse), allantois (chicken), Crocker-sarcoma (mouse) and liver (mouse) .
The methods applied were:
(1) Warburg's differential manometer method [1924; 1925] . (2) The method of Dixon & Keilin [1933] .
(3) The method of Dickens & Simer [1931] .
All media contained 0-2 % glucose.
Mixtures of three gases containing CO2 were prepared in a mercury gasometer of similar type to that used by Warburg et al. [1931] .
When working with Warburg's differential method the procedure was as follows:
(1) Saturation of Ringer-bicarbonate with 5 % C02 in 02 or 5% C02 in N2 for 15 min. at 39°. At this stage only saturation with C02 matters. If this point is neglected great errors are introduced.
(2) The vessels are filled with the respective amounts of fluid and with 5 % C02 in 0, or 5% C02 in N2.
(3) The vessels are shaken for 10 min. in the bath at 390 in order to establish complete C02 equilibrium in both vessels.
(4) The vessels are opened and filled with the experimental gas mixture. About 300 ml. of gas mixture are passed slowly through each vessel.
(5) They are shaken for at least 10 min. in order to approach equilibrium between the fluid and the experimental gas mixture.
(6) The vessels are opened and for the second time 300 ml. of the experimental gas mixture are passed through them. While the gas is passing the tissues are introduced into the vessels through their side openings.
(7) 12min. is then allowed for finalequilibrationbeforetakingthezeroreading ofthe experiment. The preparation of the tissues and slices to be used took place during stage (5) of the above procedure. The tissue slices were therefore adjusted to the conditions of the experiment immediately after their preparation.
It was necessary to prove that working with low oxygen tension in different volumes of fluid did not introduce an experimental error. The oxygen uptake in this method follows the formula X02 h. kCo2 -H. KcO2 2 kC02 _KC°2 k02 K02
where the capital letters refer to the large volume of fluid (VF) and the small letters to the small volume of fluid (vf) . If (h) becomes too high by an experimental error, caused by the low oxygen tension, while no corresponding error occurs in (H), then oxygen uptake would be only apparent.
Such may be the case if the oxygen saturation in vf is insufficient compared with the oxygen saturation in VF, because with any glycolysing tissue incomplete saturation with oxygen of Vf would produce an increase in glycolysis and with it an increase of positive pressure (h) which is not compensated by an equivalent increase in (H).
This possibility however was excluded on theoretical considerations and by experiment. The oxygen saturation of any fluid at a given rate of shaking depends on the surface between fluid and gas. This surface is larger in vf than in VF. Therefore the limiting factor in these experiments is the oxygen saturation of VF. Any experimental error which could result from low oxygen tension would therefore lead in the first instance only to non-saturation with 02 in VF and to too big a pressure (H). This error would invariably lead to too low a value for the oxygen uptake, i.e. to an error in the opposite direction. The limiting factor was therefore the oxygen saturation of the larger volume of fluid (VF) and the rate of shaking had to be adjusted accordingly. It was found that at the lowest oxygen tension used (5 %) with VF = 7-0 ml. and the small amounts of tissues used a rate of shaking of 160 per min. was sufficient for satisfactory oxygen saturation of VF. For the method of Dixon & Keilin no such precautions are necessary, but the essential point here is that both flasks of the manometer should be treated in the same way and contain, after the saturation of the fluids therein, the same gas mixture in the same proportion. It was found that 1500 ml. of gas were sufficient when the whole gas stream was slowly passed through both manometer vessels by connecting the two stoppers (8) by means of a rubber tube [v. Dixon, 1934, p. 98] . In the method of Dickens & 8imer, requiring three manometers for one experiment, larger quantities of gas have to be used in order to obtain complete equilibrium in all three vessels. This amount could not be prepared in a mercury gasometer. The following arrangement has therefore been used. Three flowmeters (A, B and C, Fig. 1 ) have been combined in such a way that the gas flow of all three meets in one point (D) and is mixed in the bulb E. From there the combined gas stream goes to the manometer. Two of the flowmeters (A and B) have very small bores of about equal diameter, one (C) has a larger bore. The diameters ofthe bores were adjusted in such a way that about 10 times as much gas passed through C as through A and B per 1 in. difference of level. The flowmeters allow any mixture of three gases, within certain limits, to be prepared. The three gases are brought to the same temperature before entering the flowmeters by being passed through 4 ft. long coils of copper tubes of 3 mm. diameter (F). The copper spirals are suspended in a water bath at room temperature.
The accuracy of the method was sufficient for my experiments. A gas analysis with the Haldane apparatus of a mixture, which was supposed to contain 5 % C02, 6 % 02 in N2, showed 5.1% CO2 and 6.8% 02-,
RESULTS OF THE EXPERIMENTS
The results of the experiments with low oxygen tension are summarized in Tables I, II and III. Three main facts emerge from these results.
(1) The magnitude of respiration of the tissues examined (with the exception of liver) is the same in low oxygen tension as in 95 % 02 (Table I) . (2) The aerobic glycolysis is increased in low oxygen tension (Table II) . (3) The respiratory quotient respiration C2 =R.Q. is lower in low oxygen tension than in 95 % 02 (Table III) .
The first fact indicates that in all experiments with the exception of liver the oxygen saturation of the tissues has been sufficient. [Batelli & Stem, 1909] , tyramine oxidase and xanthine oxidase [Kohn, 1937] . High oxygen tension, therefore, itself alters either qualitatively, as in the experiments described, or quantitatively the metabolism in a way, which needs consideration in every case and calls for a critical analysis with regard to conclusions as to actual physiological processes within the body. 2. Respiration was found to be of the same magnitude in low oxygen tension as in 100% 02 (except in the case of liver).
3. The aerobic glycolysis of all the tissues examined is considerably increased under low oxygen tension.
4. The respiratory quotient is lowered under low oxygen tension. 5. The change in metabolism is ascribed to a change in enzymic activity under low oxygen tension.
6. Stress has been laid on the point that measurements of cell metabolism under high oxygen tension (100 % 02) are carried out at a tension which differs widely from the physiological oxygen tension within the body.
The writer has pleasure in thanking Dr M. Dixon for help in the construction of the flowmeter.
